Genetic fusion is introduced as a model for evolution. In fusion two genomes are combined to generate a longer genome. Representing each species by a binary genetic sequence, we introduce a fitness function on the bit sequence. As the evolutionary dynamics, we incorporate mutation, genetic fusion, and reproduction in proportion to fitness. It is found that genetic fusion leads to the appearance of module-type sequences and duplicated genes. The time necessary to find a sequence with larger fitness is largely reduced by the inclusion of genetic fusion, which suggests the application of our algorithm to optimization problems. [rl, r2, ct3, ct4, . . . ]. This recombination is especially useful to escape from a local minimum in configuration space and has been applied to optimization problems.
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In the present Letter, we focus on another mechanism of evolution; genetic incorporation involving diAerent species, which also changes the length of the genetic sequence itself. This mechanism may have been especially important in the early stages of evolution and it is probably still being used in present-day organisms.
There is much evidence to confirm this genetic incor- Introducing an ensemble of species, we take the fol-above three algorithms (i)-(iii). Starting from an ensemble of species with small bit lengths (up to 2), we first apply mutation and genetic fusion. Then reproduction is applied to the ensemble. This completes the first time step. We continue these procedures for many time steps.
In Fig. 1 here. In this case, all the species compete for the same niche. The latter algorithm is especially useful in the application to optimization problems. It is promising to apply our approach to other optimization problems. We believe that it is better than the mere mutational process in general.
The evolutionary process is often believed to be organized in a genealogical tree. This is true, if the process consists only of mutations and sexual recombination within species. If genetic fusion is a principal mechanism in evolution, the genealogy is organized in a rhizomelike structure.
The fusion process introduces deviation from a treelike structure, as is shown in Fig. 2 The rhizome complexity can be defined through the frequency of ancestor sequences, which will be useful to discuss the deviation from ultrametricity.
In the present Letter, we have introduced a novel dynamical model for evolution. We have discussed the appearance of the module sequence, gene duplication, and a possible practical merit of our dynamics in optimization problems.
For future studies, it may be important to include splitting of a sequence into two subsequences. " If we include this process, some "good" parts in a long sequence can be added to other creatures, as is often used in genetic technology.
In our present model fusion always occurs if the energy condition is satisfied. Since fusion itself is an error in the maintenance of genes, it must be more realistic to introduce a small rate of fusion error. With this extension, the evolutionary process exhibits much clearer stepwise changes than in Fig. 1 : rapid-change eras and quasistationary phases, as has been discussed in Ref. 14 as punctuated equilibrium theory. ' Evolution provides a novel viewpoint for biological information processing such as autocatalytic, ' immune, and neural networks. ' The idea of genetic fusion will be useful to these problems. ' 
